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Direct evaporative cooling (DEC) is a passive cooling strategy 
adopted in predominantly hot regions to restore building thermal 

comfort with less energy consumption and minimum impact on the 

environment. The implementation and studies of DEC in tropical 

housing are limited. Although DEC can reduce air temperature, an 
increase in relative humidity can still be seen as a disadvantage. 

Many materials were introduced for the cooling pads, but none was 

explicitly proposed for use in the housing unit. The present study 

explores different cotton-based fabrics to be used in the proposed 
evaporative cooler of the public housing unit in Surabaya. It 

analyses its ability to reduce air temperature and identify the 

increase in air humidity that may occur. A small-scale model of the 

housing unit that incorporates an evaporative cooling system is set, 
and internal air temperature and humidity are recorded. Results of 

the analysis show that different fabric specifications can lead to 

various thermal performances. A cotton-based blanket is found to be 

suitable for the proposed strategy 
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Introduction 
 

In Indonesia, thermal conditions in public 

housing, including Surabaya, are often out of the 

comfort level (Indrani 2008; Telis, Winandari, 

and Tundono 2017). Warm and humid are typical 

characteristics of the climate of Surabaya and 

pose obstacles to the comfort provision. As a 

resolution, occupants of the housing unit tend to 

equip their units with portable ceiling fans or air 

conditioning systems (AC). This strategy could be 

expensive and consumes more energy. Many 

kinds of research have been conducted on low-

rise housing and suggest natural ventilation to 

restore comfort in the building (Indrani 2008; 

Alfata et al. 2015). It is cheaper and able to 

provide tolerable indoor thermal conditions. 

Passive cooling can be a reliable means of 

providing thermal comfort in predominantly hot 

regions. It is affordable because most of the public 

housing occupants in Surabaya belong to the 

middle-income group. It can save energy and has 

a less detrimental impact on the environment. 

Aside from the natural ventilation mentioned 

above, direct evaporative cooling (DEC) can also 

be an alternative for cooling a building in a warm-

humid climate like Surabaya. However, the 

utilization of DEC in warm-humid areas is limited 

(Mohammad et al. 2013; Yunianto 2018). This 

limitation owes that the use of the technique can 

increase internal air humidity. Even though the 

method can help reduce air temperature 

considerably, the increase in relative humidity can 

restrict the evaporation process in the human body 

and thus elevates discomfort (Poku, W. Oyinki, 

and A. Ogbonnaya 2017; Rao and Datta 2018). 

Nevertheless, several studies recommend the use 

of the technique if it is coupled with other 
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strategies that can help to minimize the increase 

in air humidity (Yunianto 2018; Suwannapruk, 

Prieto, and Janssen 2020; Raza et al. 2020; 

Hussain et al. 2020; Chang et al. 2020; Alwetaishi 

et al. 2020; Suryo et al. 2000; Sajjad et al. 2021). 

If the increased air humidity is not too high, it can 

be compensated by sufficient air velocity in 

internal space. 

Many scholars have carried out detailed 

studies of DEC. The studies generally considered 

many topics. The first was the cooling pad which 

covers variables such as material specifications, 

area, and thickness (Elmsaad and Omran 2015; 

Warke and Deshmukh 2017; Abohorlu 

Doğramacı et al. 2019; Susila, Wijaksana, and 

Suarnadwipa 2019; Abaranji, Panchabikesan, and 

Ramalingam 2020; Ahmad, Malek, and Rahman 

2017; Esparza L. et al. 2018). The second 

airstream velocity, air temperature, and water 

volume in the system (Aziz et al. 2017; Warke and 

Deshmukh 2017; Susila, Wijaksana, and 

Suarnadwipa 2019), and the last integration with 

other techniques to improve the performance of 

DEC (Darmawan, Wijaksana, and Suarnadwipa 

2021; Xu et al. 2016). These studies focused 

mainly on developing technical aspects of the 

cooler system, and none of them was applied 

explicitly to housing units. Concerning the use of 

fabric as a cooling pad, the studies generally 

focused on one type of fabric.    

The present study is the first part of an 

umbrella study exploring the use of DEC in 

warm-humid climates, especially for public 

housing in Surabaya. The DEC is proposed as an 

alternative passive cooling technique in low-rise 

public housing units, and it is also suggested 

because it is affordable (Susila, Wijaksana, and 

Suarnadwipa 2019). As the first step of the 

exploration, the present study focuses on 

investigating the influence of different fabric-

based cooling pad specifications on the indoor 

thermal condition of the housing unit, which is 

limited, as mentioned above. Since air humidity is 

of concern when adopting DEC, the study is also 

aimed to find a material that has less impact on 

the air humidity but can still lower the air 

temperature. 

 

 

Method 
 

The contribution of different fabric specifications 

to the indoor thermal condition is investigated 

through a small-scale model. The model is set to 

represent a space with an area of 9 m2, and it has 

a 1 m depth of balcony and an evaporative cooler. 

The dimension of the evaporative cooler unit is 

1.5 m x 1.5 m x 1 m. The system uses a 1 m2 area 

of the cooling pad with a 20 cm thickness. It is 

also equipped with a six-inch motorized fan with 

a capacity of 280 m3/h (figure 1).  

Two models that are scaled 1:5 are prepared. 

One represents the control model, and the other is 

the experimental model (figure 2). Due to the 

pandemic, the models were located in the 

courtyard of the author’s house. The study 

observed no different indoor thermal behavior 

between the two models; therefore, the setting can 

be regarded as valid. The study focuses only on 

evaluating the influence of various fabric cooling 

pads on indoor thermal conditions, and no 

attempts were made to investigate the effect of 

surrounding obstructions, orientation, 

maintenance, or any aspects beyond the study's 

focus.  

Experimental method was adopted as the 

study seeks to investigated influence of 

idenpendent variables (fabric specification) on 

dependent variables (thermal condition). Previous 

researches that share the same objective also use 

this menthod (Mohammad et al. 2013; Susila, 

Wijaksana, and Suarnadwipa 2019; Warke and 

Deshmukh 2017). 

 

 
a) Housing unit 
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b) DEC unit 

Figure 1. Drawings depicting the models used in the 

study 

 

One type of fabric used in the present study is 

cotton. This specific material is chosen because 

this material can absorb water well and has high 

saturation efficiency, as the previous research 

indicated (Velasco-Gómez et al. 2020). A 

material can absorb more water, and its 

evaporative cooling performance is better. The 

study selected the material due to its wide usage 

in everyday or domestic clothing or purposes. 

There are three different cotton specifications 

considered in the study. The first is cotton used 

for a blanket, the second for batik base, and the 

last for a towel. These three materials are different 

in weight, thickness, and texture. Table 1 lists the 

characteristics of these three fabrics and the 

control model set for the experiment. 

 

 
a) The housing unit and evaporative cooler 

 

 
b) The cooling pad 

Figure 2. The realization of the model 

 
Table 1. Characteristics of the model and fabric used in 

the study 
Code Type of 

fabric 

Usage Characteristics 

DEC-BTK Cotton Base of 

batik 

Light, thin, and 

smooth  

DEC-BLK Cotton Blanket  Medium weight 

and thickness, 

and smooth 

DEC-TOW Cotton Towel Heavy, thick, 

and rough 

M0  

(the control 

model) 

No 

treatment 

- - 

 

Internal and external air temperature and 

humidity were recorded using a thermo-

hygrometer (i.e., Elitech GSP-6). The internal and 

external air temperature and humidity were 

recorded hourly and stored in a data logger. The 

measurements were conducted for three 

consecutive days for each fabric specification and 

taken in September and October 2021. The 

resulting thermal conditions of the models are 

analyzed by comparing data gained from the 

experimental and control models. A comparative 

analysis is carried out to indicate the ability of 

different fabrics to reduce air temperature and 

limit the increase of air humidity. 

 

 

Result and discussion 
 

Outdoor and indoor thermal conditions 

Figures 3 and 4 illustrate average outdoor air 

temperature (To) and relative humidity (RHo) 

conditions during the observation. As shown in 

figure 3. the profile of To in the three different 

periods of measurements is relatively similar in 

terms of both hourly patterns and values. The 

Base  
case 

Experimental 

models 



ARTEKS : Jurnal Teknik Arsitektur, Volume 7 Issue 2, August 2022 

pISSN 2541-0598; eISSN 2541-1217 

218 

 

range of To is between 29-34oC, with the 

maximum temperature difference between two 

cases about 1.5oC, and no significant differences 

are noted among the three models (figure 3.b). 

 

 
Figure 3. Outdoor air temperature measurement data 

 

Figures 4.a and b show that the RHo of the 

three models shares a similar hourly pattern. A 

difference is recorded only in value, which 

gradually increases from DEC-BLK, DEC-BTK, 

and DEC-TOW. The value ranges between 47-

74%, and 13% RH is the maximum difference. 

Outdoor measurement data profiles analyzed 

above show that slight weather variation occurred 

during the measurement. This weather variation 

will not affect the study as the analysis will be 

conducted by comparing the experimental and 

control model. Values indicating the difference 

between these two models will determine their 

performance. 

 
Figure 4. Outdoor relative humidity measurement data 
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Figures 5 and 6 illustrate the profile dan 

distribution of indoor air temperature (Ti) and 

relative humidity (RHi) for the three models. As 

can be seen from figure 5, Ti resulting from 

different fabric cooling pads are generally lower 

than that of the outdoor (To) and the control 

model (M0), which only utilizes an extraction fan. 

In comparison to To, Ti of the control model (Ti-

M0) is slightly lower during the morning, higher 

between 08.00 a.m.-3.00 p.m., and almost 

coincides during the evening. This hourly pattern 

can be observed in all models. The pattern is 

closely linked with the material used for the 

model, i.e., plywood. The lightweight material 

tends to mimic the outdoor condition during the 

night as the material is easy to release heat into 

the environment. Conversely, the material quickly 

takes up the heat during the day, so the internal 

condition rapidly heats up. The constant 

ventilation rate resulting from the use of the 

extraction fan also contributes to lower Ti so that 

it will not significantly increase the temperature 

during the day, and it brings Ti close to To during 

the night. 

In the case of DEC-BLK and DEC-BTK, Ti 

can drop as low as 28 oC and rise to 34 oC. Ti 

exceeds the To during the afternoon between 

11.00 a.m.-3.00 p.m. The result is slightly 

different in the case of DEC-TOW, where Ti does 

not increase above To. In this model, the 

minimum Ti is found at 5 p.m. with a value of 

28oC. The maximum value of 34oC occurred at 

noon. Overall, the Ti of the experimental models 

is always below Ti-M0, and the values are mostly 

lower than To. On this basis, the study confirms 

previous studies that stated DEC could give an 

advantage in reducing air temperature even under 

warm, humid climates (Mohammad et al. 2013; 

Yunianto 2018). 

 

 
Figure 5. Results of air temperature measurement 

 

Figure 5.d shows that different fabric 

specifications do not significantly influence Ti. 

The treatment does lower Ti, as previously stated, 

but the difference among the models is negligible. 

The slight difference in the average value of Ti 

between the experimental and control models 

confirms this inference. In DEC-BLK, the 

difference is 1.2oC; in DEC-BTK, 1.1oC, and 

DEC-TOW, 1.2oC. Aside from this finding, 

however, the method is still considered helpful 
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from the thermal design perspective, particularly 

in the region where overheating is predominant. 

The effect of different fabric specifications on 

RHi is depicted in figure 6. The figures present 

that in all cases, RH increases due to the 

application of the technique. Overall, RH rises 

from 4 up to 10%, or about a 7-15% increase. In 

the case of DEC-BLK, DEC-BTK, and DEC-

TOW, the highest values of RHi are 76%, 76%, 

and 80%, and the lowest values are 52%, 56%, 

and 60%, respectively. The highest values are 

recorded at 05.00 a.m., and the lowest occurred 

between 12.00-2.00 p.m. 

 

 
 

 
Figure 6. Results of relative humidity measurement 

 

From the measurement data distribution 

depicted in figure 6.d., RHi in all models is 

generally higher than M0. The application of DEC 

facilitates the evaporation process where heat is 

extracted from the air, and then it changes the 

state of the water to the gas, thus increasing the 

moisture content of the air. The figure shows that 

the average RHi in DEC-BLK, DEC-BTK, and 

DEC-TOW increases from 59.8% to 65.7%, 

63.2% to 69.5%, and 66,2% to 73.6%. The 

difference between the experimental and control 

models rises from 6% in DEC-BLK to 6.3% in 

DEC-BTK and 7.4% in DEC-TOW. From this 

point, it can be said that different fabric 

specifications could give different responses in 

terms of relative humidity. The following 

paragraphs will present a detailed analysis and 

discussion regarding this finding. 

Influence of fabric specification on indooe 

thermal conditions 

The influence of fabric specification is 

analyzed by comparing the ability of the fabric to 

reduce air temperature and limit the increased RH 

in the models (figures 7 and 8). Hourly 

temperature reduction illustrated in figure 7.a. 

shows that different fabric specifications shared 

similar values, especially from the late afternoon 

(3 p.m.) to the morning (8 a.m.). Slight 

differences are observed mainly during the day 

from 9 a.m. up to 2 p.m.  

The summary of air temperature reduction is 

depicted in figure 7. b. indicates that temperature 

reduction in DEC-BLK ranges between 0.5 to 2.5 

K. The maximum air temperature reduction 

gradually decreases in DEC-TOW (2.3 K) and 

DEC-BTK (2.2 K). In contrast, the minimum air 

temperature reduction is more or less the same in 

both DEC-TOW and DEC-BTK (around 0.7 K). 

There are also minor differences found in the case 

of average air temperature reduction, and the 
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values are about 1 K in all cases. Following this 

result, it can be said that from the air temperature 

standpoint influence of different fabric 

specifications is very small and can be regarded 

as insignificant. The finding confirms the 

previous results of the analysis regarding the air 

temperature profile, where minor differences are 

also observed throughout the day. 

 

 
Figure 7. The air temperature reduction profile 

The temperature reduction recorded in the 

present study is relatively low compared with that 

found in the previous studies. Although the value 

cannot be directly compared due to different 

factors that might affect the temperature 

reduction, such as thickness, airstream velocity, 

water temperature, and ambient thermal 

conditions, results from the previous research can 

serve as a reference. From the study of fabric-

based cooling pads, temperature reduction can 

range from 2.1-9.1 K under a maximum water 

temperature of 30oC or less (Velasco-Gómez et al. 

2020). In the case of sponge material, the range is 

between 2-3.6 K (Suryana, Suarnadwipa, and 

Wijaksana 2014), and in other cases, the values 

are between 3.3-11.3 K (Abaranji, 

Panchabikesan, and Ramalingam 2020).  

A similar tendency is also noted regarding the 

extension of the high RH in the models (figure 8.). 

Different fabric specifications respond similarly, 

especially from 3 p.m. to 8 a.m. (figure 8.a). The 

increased values are about 6-8% RH during this 

period, and the RH difference is higher during the 

late morning when the maximum RH difference 

reaches 10%. The value goes down to 3% RH in 

the early afternoon. This result indicates that the 

evaporative process fluctuates during the day 

when the air humidity tends to be lower. In 

contrast, the pattern tends to be constant during 

the night when the air humidity is high. 

 

 
Figure 8. The increased RH profile 
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The summary illustrated in figure 8.b shows 

that different fabric specifications influence 

indoor RH. The minimum, maximum, and 

average values recorded in the models are found 

to progressively increase from DEC-BLK, which 

is the lowest, to DEC-TOW, which is the highest. 

According to the measurement, DEC-BTK exists 

between the two. The minimum values increase 

from 3 to 5.7% RH, maximum values from 9.5 to 

10.5% RH, and average values from 6.0 to 7.4% 

RH. This result indicates that the DEC-BLK is the 

model that gives the most negligible impact in 

terms of air humidity. By taking the temperature 

reduction into account, it can be stated among the 

three models understudied; the DEC-BLK is the 

most representative model for the warm-humid 

climate. The reason for this is that the model can 

attain two objectives of applying DEC in this type 

of climate at the same time, i.e., can reduce air 

temperature and limit the impact of air humidity. 

 

Conclusion 
 

The above analysis and discussion show that 

incorporating fabric as an alternative material for 

a cooling pad in the evaporative cooler could help 

moderate thermal stress inside the housing unit. 

The study shows that the three fabric 

specifications can lower the air temperature from 

0.5 to 2.5 K. No significant differences in terms 

of temperature reduction are found among the 

three models. The study also shows that the 

influence of the models on indoor RH is visible, 

and the models contribute to the increased air 

humidity within 3 to 10% RH. Out of the three 

models, the DEC-BLK gives the slightest 

influence with an average value of 6% RH 

compared to 6.3% and 7.4% RH in DEC-BTK and 

DEC-TWO, respectively.  

Since the study's objective is to analyze the 

ability of the fabric to reduce air temperature and 

limit the increased RH, the study concludes that 

DEC-BLK is the suitable material and technique 

for the application of direct evaporative cooling in 

the public housing unit in warm-humid climates. 

The study, however, is still at the initial stage, and 

further studies are required to take into account 

other aspects of the system before it can 

implement the model in a real case. 
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